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{§4} Staged air, low NOx burner with internal recuperative flue gas recirculation. 

(57) A gas-fired burner 10 incorporating a mixing 
chamber for mixing air, fuel, and recirculated 
flue gas with reduced heat loss from the recir- 
culated flue gas is disclosed. The burner is 
configured for the staged introduction of com- 
bustion air to provide a fuel-rich combustion 
zone and a fuel-lean combustion zone. Internal 
recirculating flue gas channels 80 deliver 
cooled flue gas to the primary fuekich combus- 
tion zone. A valve assembly 150 may be pro- 
vided to control the flow of flue gas. Secondary 
air passages 40 concentrically arranged within 
the recirculating flue gas channels 80 deliver 
superheated, staged air to the secondary fuel- 
lean combustion zona Heat is transferred from 
the hot flue gas to the counterflowing cooler 
secondary air. The burner achieves reduced 
NO x emission levels in high temperature appli- 
cations which use preheated combustion air 
with no or minimal loss in thermal efficiency 
from flue gas recirculation. 
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FIELD OF THE INVENTION 

This invention relates to the field of gas-fired 
burners for furnaces and boilers and more particular- 
ly to burners for reducing NO x emission leveis from 
combustion occurring in furnaces and boilers. 

BACKGROUND OF THE INVENTION 

Combustion processes which burn fossil fuels in- 
troduce emissions into the atmosphere which have 
been linked with harmful effects. Environmental reg- 
ulations have been enacted to limit the concentra- 
tions of these emissions In the exhaust gases from 
combustion processes. Such emissions Include nitro- 
gen oxides or N0 X1 primarily NO and N0 2 . Preferably, 
NO x emission levels should be significantly below 
100 parts per million (ppm), 

NO x emissions arise from nitrogen present In the 
combustion air and from fuel-bound nitrogen in coal 
orfuel oil if such fuels are burned. Conversion of fuel- 
bound nitrogen to NO x depends on the amount and 
reactivity of the nitrogen compounds in the fuel and 
the amount of oxygen in the combustion zone. Con- 
version of fuel-bound nitrogen is not present in proc- 
esses using fuels such as natural gas, which contain 
no fixed nitrogen compounds. 

Conversion of atmospheric nitrogen, N 2 present 
in the combustion air to MO x (thermal NO K ) is temper- 
ature dependent in general, the greater the flame 
temperature in the combustion zone, the greater the 
resultant HO x content in the emissions. NO x conver- 
sion increases substantially at temperatures greater 
than 1800 K if 0 2 is present 

Many industrial processes, such as forging, re- 
heating, steel blooms, and melting of glass or alumi- 
num, are carried out in high temperature, gas-fired 
furnaces. In such high temperature processes, air 
used in the combustion process is frequently preheat- 
ed. Preheating the air reduces the amount of fuel 
needed, increasing thermal efficiency, but increases 
the temperature of the flame, which increases NO x 
content Thus, a higher temperature burner which is 
capable of reducing NO x emissions without sacrific- 
ing thermal efficiency is needed. 

Oneway of reducing NO x content which has been 
effective in processes using nitrogen bearing fuels Is 
to create a fuel-rich combustion zone followed by a 
fuel-lean combustion zone. This can be achieved by 
staging the introduction of air into the combustion 
chamber. The fuel-rich zone contains less than the 
theoretical or stoichiometric amount of oxygen. Thus, 
less oxygen is available to convert the nitrogen to 
NO x . 

Recirculating flue gas into the flame is another 
technique to limit NO x emissions. The recirculated 
flue gas reduces the oxygen concentration in the re- 
actants and reduces the flame temperature by cool- 



ing the combustion products, thereby lowering NO x 
content. Additionally, NO x present in the recirculated 
flue gas can be further destroyed by resuming. 
External ducting is typically provided from the 

5 furnace to the burnerfor recirculation of theflue gas. 
The flue gas is hot and accordingly heat is lost from 
the system as the gas passes atong the ducting. The 
hot flue gases are sometimes used for other purpos- 
es, such as preheating the combustion air orvaporiz- 

10 ing liquid fuels. This minimizes, but does not elimin- 
ate, the heat losses from the system. 

Steel reheat furnaces, in which steel is heated to 
temperatures at which it can be plastically deformed 
by forging or rolling, are particularly suitable for the 

is retrofitting of burners which utilize flue gas recircula- 
tion. Temperatures in these furnaces typically reach 
1450 K or greater, which makes the use of recupera- 
tors for preheating combustion air or regenerative 
burners cost effective. However, the external flue gas 

20 ducting of prior art burners, which incorporate flue 
gas recirculation, can render the retrofitting of such 
burners to an existing furnace difficult and costly. 
Moreover, the recirculation of cooled flue gas to the 
combustion zone reduces the thermal efficiency of 

25 the process. 

SUMMARY OF THE INVENTION 

In the present invention, a low NO x , natural gas- 

30 fired burner for high temperature applications incor- 
porating internal fiue gas recirculation is provided 
which minimizes heat loss from the system due to the 
recirculating fiue gases. The burner incorporates an 
air dhven jet pump for mixing air, fuel , and recircul ated 

35 flue gas and for forcing the mixture into the combus- 
tion chamber The burner includes an air inlet port 
which connects with a primary air passage for supply- 
ing combustion air to the jet pump and to provide a 
fuel-rich combustion zone. The burner further in- 

40 eludes secondary air passages to provide a fuel-lean 
combustion zone downstream of the fuel-rich zone. 

Flue gas recirculation channels are formed inter™ 
nsJIy of the burner housing in the refractory material 
comprising the body of the jet pump. The channels are 

45 outwardly spaced from the mixing chamber and dif- 
fuser of the jet pump and extend from an entrance at 
the furnace wail of the burner to an opening near the 
suction chamber of the jet pump. The jet pump induc- 
es a flow of fiue gas from the furnace into the burner. 

so The secondary air channels comprise a pipe con- 
centrically arranged within each flue gas recirculation 
channel. As the fiue gas flows through the channel 
into the burner, the secondary air flows m an oppo- 
sitely directed counterflow through the pipe into the 

55 furnace. Most of the heat lost from the flue gas is 
transferred to the secondary air in the concentric pipe 
and thereby remains in the system. Heat transfer fins 
may additionally be provided on the secondary air 
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pipe to aid In the heat transfer. 

Typically, a plurality of flue gas channels each 
having a secondary air pipe concentrically arranged 
therein is provided. In one embodiment, the burner 
housing is formed with a square cross section and 
four flue gas channels are located circumferentiafly 
about the jet pump body in a symmetrica] arrange- 
ment The provision of internal fiue gas channels opti- 
mizes the use of the furnace wail area available for 
interfacing with the burner and aids in the retrofitting 
of flue gas recirculation burners to existing furnaces. 

DESCRIPTION OF THE DRAWINGS 

The invention will be more fully understood from 
the following detailed description taken in conjunction 
with the accompanying drawings in which: 

Fig. 1 is an end view of a burner according to the 

present invention; 

Fig, 2 is a view of the opposite end of the burner 
of Fig. 1; 

Fig, 3 is a cross- sectional view along the line III- 
III of Fig, 1; 

Fig. 4 is a cross-sectionai view of a further em- 
bodiment of a burner according to the present in- 
vention; 

Fig. 5 is a partial cross-sectional view along fine 
V-VofFig.4; 

Fig. 6 is a cross-sectional view of a still further 
embodiment of a burner according to the present 
invention; 

Fig. 7 is a partial cross-sectional view along the 
line Vll- VII of Fig, 6; and 

Fig. 8 is a partial cross-sectional view of a still fur- 
ther embodiment of a burner according to the 
present invention, 

DETAILED DESCRIPTION OF THE INVENTION 

A burner according to the present invention which 
reduces heat loss due to flue gas recirculation is 
shown generally at 10 in Figs. 1 through 3. The burner 
comprises a housing 12, a gaseous fuel connection 
14, and an air inlet connection 16. The housing com- 
prises an end section 18 including an end wail 20, a 
mid section 22, and a burner block or quarl section 
24. A fuel inlet nozzle 26 extends from the fuel con- 
nection 14 into the housing 12 through an opening in 
the housing end wall 20. Af itting 28 is provided to seal 
the opening. An observation port 30 is provided at the 
fuel connection 14. The fuel inlet nozzle passes 
through a further opening In a wall 32 of the mid sec- 
tion to terminate within the mid section. 

The air inlet 16 communicates with an air cham- 
ber 34 in the end section 1 8 which surrounds the fuel 
inlet nozzle 26. The air chamber 34 communicates 
through an annufarly spaced opening 36 in the wall of 
the mid section with a primary air nozzle 38 concen- 



trically arranged about the portion of the fuel inlet 
nozzle 26 in the mid section 22. The air chamber 34 
also communicates with a plurality of secondary air 
passages 40, to be more fully described below, 

5 A jet pump 44 is formed within the midsection 22 

and burner block section 24 of the housing 12. The jet 
pump 44 comprises a jet pump body 46, 48 defining 
a frustoconicai suction chamber 50, a cylindrical mix- 
ing chamber 52, and a frustoconicai diffuser 54, The 

10 frustoconicai diffuser, which is located within the 
burner block section 24, also serves as a combustion 
chamber, to be more fully described below. 

The end section 18 and mid section 22 are inter- 
connected in any suitable manner, such as by belted 

15 annular flanges 56. The mid section 22 and burner 
block section 24 may be similarly interconnected by 
bolted flanges 58. An annular flange 60 is provided on 
the burner block section 24 for interconnection to a 
furnace waif 62, shown in Fig. 3. The sections of the 

20 housing may also be interconnected in. any other suit- 
able manner. Similarly, the burner housing may be 
connected to the furnace in any other suitable man- 
ner. 

The end section 16 and mid section 22 are pre- 

25 ferably fabricated from a casing 64, 66 of a material 
such as carbon steel or cast iron and lined with insu- 
lating refractory material 68. The jet pump body sec- 
tion 46 defining the suction chamber 50 and the mix- 
ing chamber 52 are also contained within the casing 

30 66. The burner block section 24 comprises a casing 
72 housing the jet pump body portion 48 which de- 
fines the diffuser 54. The jet pump body is preferably 
fabricated from a high temperature refractory mate- 
rial. Although the jet pump body is shown in Fig. 3 as 

35 formed in two sections, it may be formed as a single 
unitary body or from a different number and config- 
uration of sections if desired. A pilot light opening 74 
and a scanner opening (not shown) are formed 24 in 
the refractory material 48 surrounding the diffuser 

40 54. 

Secondary air passages 40 is formed from a tube 
or pipe extending from the wall 32 of the mid section 
22 to a furnace wall 49 of the burner block section 24 
at the furnace. Each tube is concentrically arranged 

45 within a channel 80 formed in the refractory material 
comprising the jet pump body 46, 48 through both the 
mid and burner block sections 22, 24. Each second- 
ary air tube terminates at a nozzle 82 for directing a 
higher velocity flow of the secondary air into the fur- 

50 nace. 

The channels 60 concentrically surrounding the 
secondary air passages 40 each terminate at an an- 
nular opening 84 in the furnace surrounding the sec- 
ondary air nozzles 82. Each channel 80 through the 
55 jet pump body is wider than the secondary air pas- 
sage 40 and forms a passage for recirculation of flue 
gas from the furnace. The annular opening 84 may be 
formed with a diverging configuration as shown in Fig. 
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3 to provide greater access of the flue gas in the fur- 
nace to the channel. The flue gas passage terminates 
at an open area 86 in the mid section 22 for commu- 
nication with the suction chamber 50, The suction in 
the suction chamber created by the jet pump induces 
a flow of f iue gas from the furnace back into the burn- 
er. 

The heat transfer from the hot flue gas to the 
cooler secondary air may be facilitated by provision 
of heat transfer fins 88 welded or otherwise secured 
to the exterior of each secondary air passage 40. The 
fins increase the surface area available for convec- 
tive heat transfer from the hot flue gas to the second- 
ary air passage, thereby increasing the rate of heat 
transfer to the secondary air The heat transfer from 
the flue gas to the secondary air is typically enough 
to superheat the secondary air. In this manner, the 
secondary air is efficiently preheated before entry 
into the furnace, and the heat in the flue gas which 
would otherwise be lost to the system is returned to 
the furnace. In a typical steel reheating furnace, the 
furnace temperature is approximately 148D K and the 
preheated secondary air entering the furnace is at a 
temperature of approximately 850 K. 

The burner is shown in Fig. 1 with a square shape 
in cross-section . Fourfluegaschannelsare provided , 
disposed in each corner of the burner. However, any 
cross-sectional shape and number of flue gas chan- 
nels may be provided, as desired by the application. 
For example, the burner may have a circular cross- 
section, which is more evenly insulated than a square 
or rectangular burner Similarly, the burner may be 
any suitable size. If the burner is intended to retrofit 
an existing furnace, the particular shape and size 
may be determined by the existing furnace wall open- 
ing. 

in operation, air is forced under pressure through 
the air inlet 16 into the chamber 34. For high temper- 
ature applications, the air has typically been preheat- 
ed to the range of 600 to 800 K prior to its introduction 
to the burner In a typical steel reheating furnace, the 
air has been preheated to approximately 650 K. Apri- 
mary air stream enters through the opening 36 into 
the primary air nozzle 38 and flows through the noz- 
zle into the suction chamber 50. Air flowing through 
the nozzle experiences a pressure drop. Natural gas 
fuel, entering through the fuel nozzle 26, concentric 
with the air nozzle, also experiences a pressure drop. 
In flowing through the nozzles and suction chamber, 
the lower pressure air and natural gas fuel induce a 
flow of flue gas from the furnace through the chan- 
nels 80 into the suction chamber 50. The flue gas 
opening area 86 may be connected radially ortangen- 
tialfy to the suction chamber 50, A tangential connec- 
tion imparts a spiral motion to the flue gas stream as 
it enters the primary air/fuel stream, which under hot 
operating conditions aids in maintaining flame stabil- 
ity. 



Under some conditions, such as a cold start-up or 
when a large furnace door has been opened, which 
may reduce the effective furnace temperature for 
several minutes, the jet pump may pull in more flue 

5 gas than can be tolerated by the flame retaining qual- 
ities of the burner. In this case, it may be desirable to 
limit the flue gas recirculation, as discussed more 
fully below, until the combustion air has reached the 
design preheat temperature and the furnace temper- 

10 ature has gained a desired temperature, generally 
1050 K. 

Referring again to Fig. 3, the primary air and 
natural gas stream flows through the suction cham- 
ber 50 into the mixing chamber 52. The primary alr t 

is fuel, and flue gas mix in the mixing chamber 52. The 
mixture generally recovers some pressure in the mix- 
ing chamber 52 and exits the mixing chamber 52 at a 
slightly increased pressure. The mixed primary air, 
fuel, and flue gas then enter the diff user 54 which has 

20 an increasing cross sectional area, by virtue of the 
frustoconical shape, to decrease the velocity and in- 
crease the pressure up to the pressure in the furnace. 
However, if the included angle of the diff user be- 
comes too large, the flow will break away into eddies, 

25 rather than expand. An included angle of approxi- 
mately 18° has been found to be suitable. A pilot flame 
provided through tube 74 ignites the air and fuel mix- 
ture in the diff user. The combustion can be observed 
through the scanner tube, which is located in a man- 

30 ner similar to tube 74. 

From the air chamber 34, the secondary air 
stream enters the plurality of passages 40 concentri- 
cally arranged with each flue gas channel 80 and 
passes through to the furnace, where it enters the 

35 periphery of the flame envelope, which extends from 
the diff user 54 into the furnace. Thus, due to the di- 
vision of the combustion air, a fuel -rich primary com- 
bustion zone exists in the flame in and immediately 
outside the diff user, which receives less than the the- 

40 oretical amount of air, and a fuel-Jean secondary 
combustion zone exists in the flame which extends 
into the furnace. The flame in and immediately out- 
side the drffuser 54 may also be described as the pri- 
mary flame, the flame in the furnace as the second- 

45 ary flame. 

The velocity of the secondary air entering the fur- 
nace is generally much higher than the velocity of the 
flue gases within the furnace. For example, the sec- 
ondary air velocity is typically in the order of 330 fps, 

so while the flue gas velocity is in the order of 20 fps. The 
entering secondary air creates a flue gas recircula- 
tion pattern within the furnace such that the flow of 
furnace gases toward the secondary air jets may 
even enhance the entrance of these gases into the 

55 flue gas recirculating channels 80, where they are 
readily mduced by the low pressure created by the jet 
pump within the burner. 

In fuel-rich hydrocarbon flames, the source of NO 
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is the fixation of H, by hydrocarbon fragments, in re- 
actions such as: 

CH + N 2 --> HCN + N 

and 

CH 2 + N 2 --> HCN t NH, 
N from thefirst reaction can then participate In the fol- 
lowing fast reaction: 

N + OH -> NO + H 
The products HCN and NH will be partially converted 
in the fuel-rich flame to molecular nitrogen, N 2 , pro- 
vided that the temperature is at least 1400 K and 
there is sufficient residence time for these reactions 
to go to completion, The NO formed by the reaction 
of N 2 with hydrocarbon radicals or introduced with the 
flue gases can also be converted back to N, through 
a "reburn" route in the fuel-rich flame. This process 
is initiated by reactions producing HCN, for example, 

CH + NO->HCN+Q. 
The HCN further reacts to form N 2 at a rate that is de- 
pendent upon the fuel equivalence ratio and the tem- 
perature of the fuel-rich flame zone. 

Under lean conditions, NO is formed primarily by 
the Zeldovich mechanism. Thus, reducing flame tem- 
perature In the lean stage effectively controls the NO 
formation rate. Flame temperature is reduced by the 
entrained flue gases which introduce inert substanc- 
es into the secondary combustion zone and absorb a 
fraction of the energy released as combustion is com- 
pleted in the fuel lean zone. The flue gases introduce 
principally N 2 , H 2 0, and C0 2 into the combustion 
zone. All of these species absorb energy while being 
reheated to flame temperature. The process may be 
even more effective if some of the molecules of C0 2 
and H 2 0 dissociate as they are heated to high temper- 
atures. 

For most flue gas recirculation applications, the 
amount of combustion products that can be recycled 
is limited by the need to preserve flame stability. 
However, the jet pump configuration of the burner of 
the present invention introduces the fuel and primary 
air into the fuel-rich zone in a manner that extends the 
amount of recyclable flue gas which can be intro- 
duced before fiame instability occurs. In the present 
invention, when the burner is running at its typical hot 
operating temperatures, flue gas recirculation is lim- 
ited by the capacity of the jet pump more so than 
flame stability. As discussed more fully below, the 
flue gas recirculation may be limited If desired under 
certain conditions, such as cold start-up. 

In the fuel-lean zone, thermal NO formation is 
also reduced by the introduction of the secondary air 
jets 82 from the secondary air passages. The com- 
bustible products of the fuel-rich flame are intercept- 
ed in the furnace by the secondary air jets, which en- 
train burned and cooled combustion products before 
they mix with the products of the fuel-rich flame and 
burn as a secondary flame. In this mode of combus- 
tion, the peak temperature of the flame and the 0 2 



concentration are reduced, resulting in reduced ther- 
mal N0 X formation. 

Actual burner geometry and process parameters 
for a burner according to the present invention de- 

5 pend on the particular application. The predeter- 
mined input or design parameters include the percent 
excess combustion air, fraction of primary air, and 
percent of recirculated flue gas. The furnace condi- 
tions will determine the required diffuser exit velocity 

10 and pressure. Both of these parameters affect the 
pressure drop through the primary air nozzle. Other 
parameters determined by the application are the 
combustion air temperature, the flue gas tempera- 
ture, and the fuel gas flow and temperature. 

15 Important process and burner geometry parame- 

ters which are determined by the input parameters in- 
clude the pressure drops through and diameters of 
the primary and secondary air nozzles and the diam- 
eter of the mixing chamber. The pressure drop 

20 through the primary air nozzle affects the ability of 
the jet pump to pull in the fuel and flue gas. The great- 
er the pressure drop through the air nozzle 38, the 
greater the suction created for pulling in the fuel and 
flue gas. Reducing the pressure drop through the air 

25 nozzle reduces the suction, which reduces the ability 
to pull in the fuel and flue gas. With higher flue gas 
recirculation rates, a greater pressure drop is re- 
quired. However, the supply of air is generally fixed. 
If the combustion air is staged into primary and see- 
so ondary air flows, the amount of primary air is re- 
duced, which reduces the pressure drop and the 
amount of flue gas which can be pulled in. Thus, the 
effectiveness of the jet pump is reduced. In general, 
if the primary air is less than about 40 percent of the 

35 total combustion air, it is difficult to drive the jet pump. 
Therefore, the primary air nozzle diameter and mixing 
chamber must be carefully sized to optimize the effi- 
ciency of the jet pump based upon the predetermined 
primary air fraction, percent of flue gas recirculation, 

40 and furnace conditions. The primary air nozzie diam- 
eter is generally sized to provide a pressure drop of 6 
to 40 inches of water column, depending on the pri- 
mary airflow and the amount of flue gas recirculation 
desired. Typically, the pressure drop will range be- 

45 tween 4 and 24 inches of water column; in some ap- 
plications, the pressure in the furnace is above at- 
mospheric pressure, and the pressure drop through 
the primary air nozzle accordingly needs to be great- 
er, 

so The length and diameter of the flue gas channels 
80 are also important parameters. These parameters 
should be chosen to minimize the pressure drop 
through the flue gas channels within the design con- 
straint of the amount of flue gas to be recirculated. 

55 The length and diameter of the flue gas channels anci 
the diameter of the secondary air channels are also 
chosen to effect the desired rate of heat transfer to 
the secondary air. Typically, the mass flow rates of 
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secondary air and flue gas wilt be approximately 
equal. The secondary air rate will be 40 percent of the 
total combustion air rate and the flue gas flow rate will 
equal 30 to 40 percent of the total combustion air rate. 
Secondary air jet velocities of 250 to 400 fps require 
nozzle pressure drops in the range of 5.0 to 12,0 in- 
ches water column. For good convection heattransfer 
inside the secondary air channels, they should be 
sized for 125 to 200 fps at the air inlet end. The ftue 
gas channels should be sized for a maximum pres- 
sure loss of 0.5 to 1.0 inches water column- 
Trie individual diameters and the radial spacing of 
the secondary air passages 40 are also important 
parameters. Typically, the secondary air passage ex- 
its are sized to produce a secondary air exit velocity 
between 150 and 400 actual feet per second and pre- 
ferably between 200 and 350 actual feet per second. 
The closer the radial spacing of the secondary air 
passages is to the exit diameter of the diffuser64, the 
more effective the penetration of the secondary air 
jets into the secondary flame becomes and the lower 
the NO„ emissions. Similarly, while a single second- 
ary air passage couid be provided if desired, a plur- 
ality of such passages spaced circumferentially about 
the d iff user is preferable. Typically, the radial dis- 
placement of the secondary air passages ranges 
from 15 to 1 ,8 of the exit radius of the diffuses 

As discussed above, under some conditions, 
such as during a cofd start-up, it Is desirable to limit 
the amount of flue gas recirculated to the burner. A 
vaive arrangement 150 to accomplish this control 
may be provided, as shown in Figs. 4 and 5. A plurality 
of throttled jets 102 may be provided within mid sec- 
tion 22 and the wall 32 extended into air inlet 1 6, The 
air inlet 16 may be provided to communicate with both 
the air chamber 34 and the throttled jets 102. An ex- 
tension 104 is provided on the air inlet. A splitter valve 
106 Is mounted within the extension to be pivotable 
about an axis to alternately partially or fully close off 
one of two passages 108, 110 defined In the exten- 
sion. The first passage 108 is in communication with 
the air chamber 34. The second passage 110 is in 
communication with the throttled jets. Centering legs 
112 may be provided to support the fuel nozzle 26. 

The valve is shown In the hot or run position In 
Fig. 4, allowing the combustion air to enter the air 
chamber 34 and pull In the flue gas. During times 
when less flue gas is desired, such as during a cold 
start-up, the splitter valve is pivoted to partially block 
off the air chamber 34 and send air through the throt- 
tled jets Into the suction chamber, thereby preventing 
flue gas recirculation. Total burner air flow will remain 
essentially constant. 

The burner of the present invention may also be 
fitted with multiple primary air jets. For example, Figs, 
6 and 7 show a burner with flue gas recirculation con- 
trol as described above but with primary or jet pump 
air introduced through multiple nozzles 130 displaced 



radially from the fuel nozzle 26 and circumferentially 
from the flue gas channels 80. Four nozzles are 
shown, but any suitable number may be used. The 
four multiple primary air nozzles shown require a 

5 large diameter mixing chamber 52' t but provide twice 
the circumferential interface area as a single nozzle 
with the same Gross-sectional area. As a result, the 
length of the mixing chamber 52' can be reduced as 
compared to that required for the single nozzle jet 

10 pump. Multiple primary air jets may provide more ef- 
ficient packaging as burner size or rating becomes 
larger, since a single nozzle jet pump would become 
very long and difficult to retrofit on existing furnaces. 
Fig. 6 further depicts a turbulence inducing step 

15 \n diameter 131 at the interface between the mixing 
chamber 52' and the diffuser 54' to further enhance 
fiame retaining qualities for those burner applications 
requiring continuous operation below a furnace tem- 
perature of 1050 K, The use of this feature depends 

20 on the particular application, as jet pump effective- 
ness in recirculating flue gas to the primary combus- 
tion zone is reduced in proportion to the turbulence in- 
duced. 

Other configurations for controlling the flue gas 

25 recirculation are possible. For example, as shown in 
Fig. 8, a plurality of cold air jets 120 may be provided, 
each entering adjacent a flue gas channel 80. Cold air 
introduced through the jets blocks the flue gas. 
The burner has been described in conjunction 

so with gaseous fuels. Axial injection of the gaseous 
fuel, as shown in Fig. 1 , is preferable, although radial 
or tangential injection may be provided if desired. Ra- 
dial or tangential injection ports may be provided in 
the suction chamber or mixing chamber. The burner 

35 may also be configured for liquid fuels, although such 
fuels must f irst be vaporized , The fuels may be vapo- 
rized by mixing with the flue gas, for example, as 
shown in Patent No. 3,990,831. The burner may also 
be configured for liquid fuels using the multiple pri- 

40 maryairjetembodimentof Figs. 6 and 7 with the larg- 
er diameter mixing chamber. Either low pressure or 
high pressure liquid fuel atomizers may be fitted 
through or in place of the gaseous fuel nozzle 26. The 
vaporized fuel may then be drawn into the air stream 

45 by the air driven jet pump along with the flue gas. 

The invention is not to be limited by what has 
been particularly shown and described, except as in- 
dicated in the appended claims, In the foregoing de- 
scription, the abbreviation "fps" indicates feet per sec- 

50 ond. 



Claims 

55 1. A gas-fired burner 10 comprising: 

a housing 12 adapted to be mounted to an 
opening in a furnace; a jet pump 44 within said 
housing 12, said jet pump 44 including a jet pump 
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body 48, 48 defining a suction chamber 50, a mix- 
ing chamber 52, and a diff user 54 formed in said 
body 48, said mixing chamber 52 being formed 
downstream from said suction chamber 50, said 
diffuser 54 being formed downstream from said s 
mixing chamber 52, said diffuser 54 further hav- 
ing an exit for communication with the furnace, 
said diffuser 54 further comprising a combustion 
chamber for primary zone partial combustion; 

an air inlet port 16 on said housing 12 for 10 
supplying air under pressure to said housing 12; 

a jet pump primary air nozzle 38 within 
said housing 1 2 interconnecting said air inlet port 
16 and said suction chamber 50 for forcing air 
through a primary air passage 36, within said jet 15 
pump primary air nozzle 3B T and into said suction 
chamber 50; 

a fuel inlet port 14 on said housing 12 and 
terminating in a fuel nozzle 26 for directing fuel 
into said jet pump 44; 20 

a plurality of recirculating flue gas chan- 
nels 80 formed in said jet pump body 46, 48 for 
directing flue gases from the furnace into said 
suction chamber 50, said recirculating flue gas 
channels 80 having an entrance 84 for communi- 25 
cation with the furnace and an exit 86 in commu- 
nication with said suction chamber 50; 

a plurality of secondary air passages 40, 
each of said plurality of secondary air passages 
40 being disposed within a respective one of said 30 
recirculating flue gas channels 80, each of said 
secondary air passages being further connected 
to said air inlet port 16, each of said plurality of 
secondary air passages 40 having an exit 82 for 
communication with the furnace; 35 

whereby air under pressure, passing 
through said primary air passage 36 and, in turn, 
through said jet pump primary air nozzle 38, and 
fuel gas under pressure passing through said fuel 
nozzle 26, create a suction for drawing recircuiat- 40 
ing flue gas through said plurality of recirculating 
flue gas channels 80 and said suction chamber 
50 and into said mixing chamber 52 for mixing 
with the air and fuel to provide a fuel-rich com- 
bustion zone in said diffuser 54, whereby air un- 45 
der pressure passing through said plurality of 
secondary air passages 40 mixes with the pri- 
mary flame extending from said diffuser 54 to 
produce a fuel-lean combustion zone in the fur- 
nace, thereby reducing NO x content, and where- 50 
by the air passing through said secondary air 
passages 40 is heated by the recirculating fiue 
gas passing through said recirculating flue gas 
channels 80. 

65 

2. The gas-fired burner 10 of Claim 1 wherein said 
fuel nozzle 26 is coaxially mounted within said jet 
pump air nozzle 38 and said air inlet port 16 ter- 



minates in an air chamber 34, said air chamber 34 
surrounding said fuel nozzle 26. 

3. The gas-fired burner 10 of Claims 1 or2 wherein 
said primary air passage 40 and said jet pump 
primary air nozzle 38 and said secondary air pas- 
sages 40 are sized to direct at least forty percent 
of the total combustion air through said primary 
air passage 36 and said jet pump primary air noz- 
zle 38. 

4. The gas-fired burner 10 of any of Claims 1 -3 fur- 
ther comprising a pilot light tube 74 extending 
through said housing 12 to said diffuser 54 to ig- 
nite an air/fuel mixture within said diffuser 54. 

5. The gas-fired burner 10 of any of Claims 1-4 fur- 
ther comprising an open area 86 at ttie termina- 
tion of each of said plurality of recirculating flue 
gas channels 80, each of said open areas in com- 
munication with said suction chamber 50. 

6. The gas-fired burner 1 0 of any of Claims 1-5 fur- 
ther comprising heat transfer elements 88 mount- 
ed exteriorly to said secondary air passages 40 
within said recirculating flue gas channels 80, 
whereby heat transfer from the flue gas to the 
secondary air is enhanced. 

7. The gas-fired burner 10 of any of Claims 1-6 fur- 
ther comprising a valve assembly 150 in commu- 
nication with said air inlet port 16 to control the 
flow of fiue gas into said suction chamber 50. 

8. Thegas-fired burner 10of any of Claims 1-7, fur- 
ther comprising a plurality of cold air jets 120 
each adjacent one of said plurality of recirculating 
flue gas channels 80, said coid air jets 120 in 
communication with a source of cold air, whereby 
a fiow of cold air through said coid air jets 120 
blocks introduction of flue gas through said recir- 
culating flue gas channels 80. 

9. A method of burning gaseous fuel for high tem- 
perature applications comprising the steps of: 

providing air under pressure; 
introducing the air into a burner housing 

12; 

dividing the air within the burner housing 
12 into a primary air stream and a secondary air 
stream; 

introducing the primary air stream through 
a primary air nozzle 38 into a suction chamberSG; 

using the primary air flowing through the 
suction chamber 50 to draw flue gas from a fur- 
nace through a recirculating flue gas channel 80, 
formed internally in the burner housing 12, and 
into a mixing chamber 52 wherein the primary air, 
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fuel and recirculating flue gas mix to form a fuel- 
rich combustible mixture; 

introducing the fuel-rich combustible mix- 
ture into and through a diffuser 54 attached to 
the furnace to raise the pressure of the mixture 5 
up to the pressure in the furnace for introduction 
of the mixture to the furnace and burning said 
fuel-rich combustible mixture in the diffuser 54 
and furnace to form a fuel-rich combustion zone 
generally within and immediately outside the dif- 10 
fuser 54; 

preheating the secondary air stream by 
passing it adjacent the recirculating flue gas 
stream; and 

introducing the preheated secondary air steam 15 
into the furnace to penetrate the flame extending 
from the diffuser to provide a fuel-lean combus- 
tion zone within the furnace. 

1 0, The method of Claim 9 wherein at leastforty per- 20 
cent of the combustion air is divided into the prv 
mary air stream. 
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